prescription. At GFR set at 42 ml/min/1.73 m 2 , the predicted proportion of prescribed NSAID/COX-2 was 0.29 (95% CI 0.24, 0.36), 0.23 (95% CI 0.22, 0.26), 0.20 (95% CI 0.19, 0.22), and 0.12 (95% CI 0.10, 0.14) for Cr strata of ^ 1.3, 1.4-1.6, 1.7-2.1, and 6 2.2 mg/dl, respectively (all p ! 0.05). Conclusion: A significant proportion of individuals with CKD continue to be prescribed NSAID/COX-2 and serum Cr remains an influential guide to NSAID/COX-2 prescription, even in GFR ranges where these agents are ill advised.
Introduction
Consumption of non-steroidal anti-inflammatory drugs (NSAIDs) is widespread; they are frequently prescribed and can be easily obtained over the counter as analgesics. Use of NSAIDs has been shown to have adverse effects on renal function and prior studies have linked both NSAIDs and a subclass, cyclooxygenase-2 (COX-2) inhibitors, to an increased risk of kidney disease [1] [2] [3] [4] [5] . Therefore, guidelines for the care of patients advise against the use of NSAID/COX-2 in chronic kidney disease (CKD) [6] . Despite these warnings, CKD is often underrecognized because of a common failure to check renal function in high-risk populations, or an underappreciation of elevations in serum creatinine (Cr) obtained on routine blood tests [7, 8] . This underrecognition of kidney disease may lead to patients not receiving appropriate therapies and failure to institute certain precautions to prevent further loss of renal function, or avert the potential exposure of patients to factors that hasten kidney damage. Improved recognition of CKD may prevent missed opportunities for the implementation of safety guidelines for patients with this disease and the prevention of adverse renal outcomes.
The increasing use of estimates of glomerular filtration rate (GFR) as part of routine laboratory reporting has raised the expectation that providers would be more likely to recognize CKD and use this knowledge in prescribing patterns. Empirical evidence shows that the reporting of estimated GFR (eGFR) has, at least in studied health networks, increased RAAS blocker prescription and nephrology referrals [10, 11] . However, it remains unknown to what extent practitioners acknowledge reporting of reduced GFR or still rely on serum Cr in their practice decisions related to use of analgesics in patients with CKD. The objective of this study was to determine the prevalence of NSAID use in CKD patients and examine the role of eGFR versus serum Cr in influencing prescription patterns of NSAID/COX-2 in CKD patients.
Methods

Study Design
The study was a retrospective cross-sectional analysis of a national sample of patients with CKD from the Veterans Health Administration (VHA) 
Setting and Data Sources
This study utilized a previously analyzed VHA CKD safety cohort that consists of a national sample of veterans who were followed during the FY05 [12, 13] . The VHA CKD safety cohort was compiled using VHA acute inpatient data files for FY05 (Medical SAS Inpatient Datasets), which were then merged with in-and outpatient laboratory values (Decision Support System Laboratory Result), outpatient event datasets, and vital statistics data for the study participants. For this analysis, the core data was appended with NSAID/COX-2 prescription records merged from the VA Pharmacy Benefits Management (PBM) file for that year. This study was classified as exempt by the Institutional Review Board of the University of Maryland, Baltimore and the Research & Development Committee of the Maryland VA Healthcare System.
Participants
Details on subject inclusion are described elsewhere [9, 10] and summarized here. For inclusion in the cohort, study participants must have had one or more acute care hospitalizations at a VHA facility during the observation period, with a preceding outpatient serum Cr measured up to 1 year and greater than 1 week prior to the first (index) hospitalization, for the eGFR and the determination of CKD status. For sensitivity analyses, and in the event that there was more than one serum Cr measurement available in the time period preceding the index hospitalization, the measurement that was closest to hospital admission and which preceded all, if any, NSAID/COX-2 prescriptions was substituted for the index Cr. The index Cr was used to calculate the index eGFR with the abbreviated Modified Diet in Renal Disease (MDRD) equation. The choice of the abbreviated MDRD equation was made as this was the estimator of GFR being promulgated at that time and was viewed to more relevant to providers than more recent estimating equations such as the CKD-Epi equation [14] . The index eGFR was used to determine CKD classification stage [15] . To be included in this study, participants had to have at least stage 3 or greater predialysis CKD, defined as an index eGFR (calculated using the serum Cr most closely preceding the index hospitalization) ! 60 ml/min/1.73 m 2 . In sensitivity analyses described above, those individuals who had a prior Cr substituted for the index value and the repeat GFR was 6 60 ml/ min/1.73 m 2 were excluded from the sample for the repeat analyses.
Variables
The primary outcome variable was the exposure to NSAID/ COX-2 at any time during the observation period. Key predictors of NSAID/COX-2 use included cohort-qualifying measure of renal function, along with demographics for each participant including gender, age, and self-reported race (categorized as Caucasian, African-American, or other). Additional covariates included the presence or absence of diabetes, number of hospitalizations during the observation period, and comorbidities including cancer (excluding non-melanomatous skin cancer), cardiovascular disease (a composite of cerebrovascular disease, myocardial infarction and/or congestive heart failure), and the Charlson Comorbidity Index (CCI).
Measurements NSAID/COX-2 exposure was determined based on records from the VA PBM file from the FY05. Any patient included in the dataset with an NSAID/COX-2 prescription 30 days before or during the index hospitalization, or between the index hospitalization discharge date and the earlier of the end of FY05 or the next hospitalization, was considered to be exposed to this class of drugs. Along with use of the index Cr to estimate GFR, it was used to categorize subjects into the following Cr groups: ^ 1.4, 1.5-1.6, 1.7-2.1, and 6 2.2 mg/dl. These strata were selected in an attempt to identify relevant clinical thresholds and balance the study sample across strata. Due to the skew in the sample towards lower stages CKD, for some analyses we combined the groups as follows: ! 60 and 6 45 ml/min/1.73 m 2 (stage 3a CKD) and ! 45 ml/ min/1.73 m 2 (stages 3b, 4, and 5 CKD).
The CCI was modified to exclude renal, cancer, diabetes and cardiovascular disease, which were considered separately in multivariate analyses. The International Classification of Diseases, 9th revision (ICD-9CM) was used to classify all comorbidities of interest from in-and outpatient VHA records from October 1, 1999, the earliest data available, to the date of index hospitalization. The number of hospitalizations during the study period was categorized as 0, 1, or 6 2.
Statistical Methods
Descriptive analyses were used for the prevalence estimates: we computed the number (%) and used 2 test to compare proportions among different groups. We used a binomial regression model to compute adjusted prevalence ratios and their confidence intervals of NSAID/COX-2 exposure for a 10-unit increase of eGFR within each index Cr category. The prevalence ratio for NSAID/COX-2 prescriptions was calculated based on estimated regression coefficients of this log-linear model. The predictors included the indicator variables for index Cr categories (1.5-1.6, 1.7-2.1, and 6 2.2 mg/dl), the continuous index eGFR, the interaction terms between the index eGFR and the indicator variables for Cr categories. Additional adjustment factors included patient characteristics (race, indicator variables for age categories, sex, and indicator variables for the modified CCI categories). Then the adjusted prevalence ratio of NSAID/COX-2 prescription can be interpreted as the quotient of prevalence rates for every 10-unit increase in eGFR (from c ml/min/1.73 m 2 to (c+ 10) ml/min/ 1.73 m 2 ) within each Cr category. We also used this regression model to calculate predicted prevalence rates at fixed (and clinically relevant) values for all parameters in the regression. Sensitivity analysis with an identical regression strategy was performed in individuals who had an additional measure of renal function known to precede the NSAID/COX-2 prescription to be sure that the qualifying measure of renal function was not the result of the NSAID/COX-2 prescription. Analyses were done using SPSS version 9 (SPSS Inc., Chicago, Ill., USA) and SAS Version 9 (SAS Institute Inc., Cary, N.C., USA).
Results
Participants
Of 71,156 CKD patients in the core VA patient safety cohort, 70,154 subjects had data obtainable from the VA PBM file to determine NSAID/COX-2 exposure and were thus included in this analysis.
Descriptive Data
Demographic characteristics of study participants are enumerated in table 1 according to whether or not they had any exposure to NSAID/COX-2 during the study period. Overall, 15.4% of the patients in the cohort had been prescribed a NSAID/COX-2. The group prescribed a NSAID/COX-2, had a slight preponderance of females, Caucasians, treatment with an ACEI and/or ARB, the subjects in this group were relatively younger and healthier than those not prescribed an NSAID/COX-2 with a lower preponderance of diabetes, CVD, and malignancy, and a CCI more likely to be ^ 1. Table 2 presents the study sample categorized into strata of index Cr, stages of CKD and stage of CKD within each of those strata. The table demonstrates the varying profile of individuals within groups of GFR across the range Cr values. As expected, stage of CKD increased with higher Cr values but a substantial number of patients with significantly elevated Cr values had stage 3a CKD except among patients who entered the cohort patients with a serum Cr of 6 2.2 mg/dl. Within all Cr strata, patients with more advanced stages of CKD tended to be older, more likely to be female (given the relatively small number of women), and Caucasian. In most Cr strata there was a tendency for patients with more advanced stages of CKD to have CVD, a malignancy, more than one (index) hospitalization during the study period, or greater comorbidity based on the CCI. Table 3 shows the distribution of subjects based on strata of Cr and stage of CKD, and the proportion of individuals within each group prescribed an NSAID/COX-2. The proportion of individuals prescribed with an NSAID/COX-2 declines with increasing Cr, and also with more advanced CKD, However, within CKD stages, the proportion of individuals being prescribed an NSAID/ COX-2 is associated with varying Cr. The proportion of NSAID/COX-2 prescriptions decreases in the more advanced stages (stages 3b/4 and 5) of CKD within strata of Cr and also declines with increasing Cr within stage of CKD. Yet in all groups the proportion of individuals with NSAID/COX-2 prescription were substantial. Of note there are no individuals with stage 3a CKD and Cr 6 2.2 mg/dl. Table 4 shows the range in GFR within Cr strata, the adjusted prevalence ratios of NSAID/COX-2 prescription across the range of GFR within each Cr strata, and estimated rates of NSAID/COX-2 prescription for selected GFR values that span several Cr strata. In the lowest and highest Cr strata (Cr ^ 1.3 and Cr 6 2.2 mg/dl) the variation in the rate of NSAID/COX-2 prescriptions, expressed as prevalence ratio of a prevalence rate for a given GFR relative to a GFR ! 10 ml/min/1.73 m 2 , shows no change across the range of GFR within that Cr strata. However, within the second and third strata of Cr (1.4-1.6 and 1.7-2.1 mg/dl), the likelihood of being prescribed a NSAID/ COX-2 increases significantly with rising GFR in that Cr strata. Of further note, when repeating the binomial regression in those individuals where the available GFR preceded any NSAID/COX-2 prescription or substituting a GFR using a serum Cr measured prior to the index GFR and preceding a NSAID/COX-2 prescription, the results were comparable (n = 69,449). Table 4 also illustrates how serum Cr remains influential on the pattern of prescription by showing the predicted prevalence of NSAID/ COX-2 prescription from the binomial regression models for specific point estimates of GFR which span the maximum possible number of Cr strata. The table shows that the predicted probability of being prescribed a NSAID/ COX-2 increases with decreasing Cr -within fixed estimates of GFR (all p ! 0.05). The influence of GFR on adjusted probability of being prescribed a NSAID/COX-2 within strata of Cr and over the range of GFR values is further exhibited in figure 1 . a M odel set for a patient aged ^63 years, male, Caucasian, with CCI being 0, only index hospitalization, and no other comorbidities. The difference in the predicted risk estimates is statistically significant for each pair of consecutive Cr categories at a fixed estimate of GFR; p < 0.05.
b NA refers to no actual data at that GFR within a Cr strata.
Discussion
This study shows that NSAID/COX-2 prescriptions are not uncommon among CKD patients. While a majority of patients were not exposed to this class of drugs during the discrete study period, the proportion of the cohort prescribed an NSAID/COX-2 was higher than expected. The frequency of NSAID/COX-2 prescriptions was less common with more severe CKD, however eGFR was only one determinant of kidney disease severity that seemed to influence prescription patterns. Serum Cr was also a major determinant of prescription patterns as evidenced by the varying rate of predicted NSAID/COX-2 prescriptions at fixed values of eGFR and across the range of Cr for that eGFR. The data suggests that healthcare providers continued to consider serum Cr measurements either as a compliment or without regard to eGFR when prescribing NSAID/COX-2 to CKD patients.
The prevailing recommendations in consensus-based clinical guidelines recommend that NSAID/COX-2 should be avoided in CKD [6] . However, a first step to adherence to such guidelines is recognition of patients who have this disease. Indeed, CKD is poorly recognized [7, 8] , and much of this lack of recognition relates to practitioners' failure to identify the significance of apparently normal Cr values in patients who in fact have reduced eGFR [16] . The nephrology community has put great effort into promoting the automatic reporting of eGFR as a means to increase recognition of CKD. While the reporting has been increasing, it is not likely to yet have become universal and it is not known to what extent it was available throughout VA at the time of this study [17] . Nevertheless, practice guidelines have promoted the message that serum Cr is an insensitive marker of CKD and should be interpreted as such in high-risk populations [18] . It is also worth noting that while automatic reporting of eGFR has been shown to increase recognition of CKD [19] , the provision of this clinical information may not translate into a reduction in NSAID/COX-2 prescriptions or implementation of other disease-specific recommendations for management [20] . When providers self-identify patients with CKD, they are more likely to adhere to recommended practices including referral to a nephrologist, prescription of an ACE/ARB, ordering of urinalysis, and avoidance of contraindicated medications in diagnosed patients [21] . However, evidence from simulated CKD patient scenarios presented in a survey of primary providers suggest that when serum Cr instead of eGFR is used as the primary determinant of CKD, the providers are more likely to delay important recommendations for care such as timely referral to a nephrologist [22] . This practice pattern may be similar to the observations reported here.
Other systematic decision aids have been demonstrated to guide the safety of prescription patterns in CKD and may serve as an adjunct to renal function measurement in improving the safety of medication prescriptions. Automated order entry and alerts have been implemented in various healthcare settings to increase appropriate dosing and frequency of medications, and to decrease prescription of inappropriate medications and may be mechanism to reduce the use of NSAID/COX-2 agents in the CKD population. The use of alerts, in one study, de- Fig. 1 . Predicted probability of receiving NSAID/COX-2 within Cr strata with varying eGFR, using a reference patient group set at the age of ^ 63 years, male, Caucasian, with CCI being 0, only index hospitalization, and no other comorbidities.
creased the likelihood of contraindicated medications being prescribed to CKD patients by 42% [23] . An automated order entry system that adjusted medication dosing parameters for renal insufficiency was shown to increase the frequency of CKD-appropriate dosing by 24% in the inpatient setting [24] . Such interventions have also been found to be useful in the outpatient setting, which may be particularly pertinent for NSAID/COX-2 use. An implemented system of alerts indicating interactions between laboratory values and medications being ordered in the outpatient setting found a 5.3% reduction in inappropriate medication ordering and a 12% increase in the ordering of indicated laboratory tests [25] .
Estimates of the prevalence of NSAID/COX-2 use in the general population vary with some evidence suggesting a relationship between NSAID/COX-2 use and the development of CKD or ESRD [26] [27] [28] [29] . Reports of the prevalence of NSAID/COX-2 use in CKD populations are fewer, but suggest rates comparable to this report. In a Taiwanese study of individuals with CKD defined by administrative ICD-9 codes, the prevalence of NSAID/ COX-2 use was almost 20% with a strong association with the development of ESRD [30] . In a smaller US clinicbased study of CKD patients who were being surveyed for the prevalence of pain, 15.4% of the 130 individuals in the sample reported some NSAID use [31] . The present study is unique in that it allowed us to determine to what extent severity of CKD plays in prescription patterns of NSAID/ COX-2 agents and to examine the role of eGFR versus serum Cr in providers' intended utilization of these agents.
Given that this study was a retrospective analysis, it has inherent limitations that need to be taken into account when considering the results. It is important to note that such a large sample of clinical data has the potential for recording errors and missing information since the data was not collected for the purpose of the intended study. However, the problem of errors and missing data is surpassed by the benefits of studying such a large clinical sample. It is impossible to determine whether the prescriber of an NSAID/COX-2 was aware of the index level of renal function prior to prescription of such an agent, although use of electronic medical records in the VHA network ensures the availability of laboratory data to the vast majority of practitioners who use the same system for prescriptions. Moreover, renal function may have changed over the study year during which the patients were observed for NSAID/COX-2 use and the VA CKD safety cohort was assembled, but in the sensitivity analysis we attempted to ensure that the index measure of Cr used preceded the observed prescription of an NSAID/COX-2 and the results were no different. Moreover, the presence of a single indication of compromised renal function in a patient's recent past, even if transient, should be a deterrent to usage of these agents, given that such an individual would be at risk for subsequent periods of acute kidney injury. Finally, it is not possible in this analysis to determine the frequency of over-the-counter use of NSAID/COX-2 agents among subjects in this study. However, there is evidence that a majority of veterans prefer to use VHA services and in the case of prescriptions there is likely a financial incentive to do so, given the cost of non-prescription medications [32, 33] . Moreover, it is unclear how over-the-counter use of such medications would influence providers' prescription patterns, which was the key outcome of this study.
Conclusion
Despite strong recommendations to avoid the use of NSAID/COX-2 drugs in patients with reduced renal function, patients with CKD are still being prescribed these agents. While an impaired GFR is an important deterrent to the prescription of these agents, serum Cr values, independent of concomitant estimates of GFR, often guide decisions about their prescription. Raising awareness in the healthcare community of the insensitivity of serum Cr as a measure of renal function and continued encouragement of the use of eGFR as an indicator of CKD may reduce the ill-advised usage of NSAID/COX-2s and other medications which can contribute to the adverse outcomes common in this population.
